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The work presented in this thesis describes theoretical and numerical study on the dusty plasmas. Within the scope of this research, several
aspects of the physics of dusty plasmas have been explored theoretically and numerically.

The dusty plasma system takes the single layered 2D structure at the limit of strong confinement. Such single-layered finite dusty plasma
can be modeled as charged as charged particles in 2D parabolic potential interacting with each other through Yukawa potential.

In Chapter one, some fundamental notions of dusty plasmas are introduced. Behavior of dust in low pressure weakly ionized media
including charging mechanism, electrostatic interactions and various forces are explained. Industrial applications of dusty plasmas are
summarized. We briefly introduce dusty plasma experiment. Main motives behind this study are also elucidated in this chapter.

In Chapter two, we present the thermodynamic properties of two-dimensional Yukawa system. In the domain of weak coupling,
thermodynamic quantities of 2D system of charges have different behavior because of reduced dimensionality. Mean field theory fails in this
domain in 2D. But in 2D, it is important to consider both short range correlations and long-range screening even in the domain of weak
coupling. Furthermore, free energy is obtained by integrating internal energy with respect to coupling parameter. It is difficult to obtain internal
energy by numerical simulations in the domain of weak coupling, because of large fluctuations. Thus, the thermodynamic quantities of our
system in the weak coupling domain are obtained through Mayer’s giant cluster expansions. In the domain of intermediate and strong coupling
we obtain the quantities through numerical simulations. Interpolation formulas are also obtained for the thermodynamic quantities.

In Chapter three, we study the structures of finite two-dimensional Yukawa system crystal theoretically. We estimate the screening length
and the electric charge of experimentally observed single-layered dusty plasma reported recently based on our theoretical approach. Screening
length and electric charge are measured in experiment. We apply our theory to their experiment and estimate the screening length and the
charge on dust particle. We observed that the electric charge decreases and screening length slightly increases with average density.

Our theoretical approach takes into account cohesive energy and interactions between both near and far distant particles. In experiment they
observed the screening length to be of the same order of magnitude as the interparticle separation. This implies that the interaction beyond
nearest neighbors cannot be neglected. By implication, our estimations may be more accurate than those of experiment. Based on this analysis,
for practical purpose, we derive simple formula for the estimation of these important parameters in dusty plasmas.

Many results have been published on the static and the dynamic properties of 2D Yukawa system in the domain of strong coupling through
various methods. In the domain of weak and intermediate coupling basic information on the static and dynamic properties seems to be still
lacking. Thus, static and dynamical properties of two-dimensional Yukawa system in the domain of weak and intermediate coupling are
explored and presented in Chapter four.

We computed the radial distribution function and the static structure factor. We computed the dynamic structure factor for various coupling
and screening parameters. We observe that for small wave numbers, the dynamic structure factor is dominated by contribution of the collective
mode. The collective peak broadens with increase in wave number and finally merges to into the continuous spectrum of excitations which is
monotone. The dispersion relations for the longitudinal and transverse collective excitations are obtained using numerical simulations.

The results are compared with those of random phase approximation (RPA) and harmonic phonons in triangular lattice. We observe that for
weak coupling, our results follow those of RPA and approach those of harmonic phonons when the coupling is getting stronger. We express our
results of the longitudinal mode dispersions in a simple interpolation formula.

In Chapter we concluded as: In this work, many aspects of the physics of dusty plasmas have been explored both theoretically and
numerically. We have measured the screening length and electric charge on dust particle theoretically. For practical purposes, simple formulas
for the estimation of screening length and the charge have been derived. We computed the thermodynamic quantities of 2D Yukawa system
theoretically and numerically. Simple interpolation formulas expressing the correlation energy have been derived for the intermediate and
strongly coupled system. Finally, we investigated the static and the dynamic properties of two-dimensional Yukawa system in the domain of
weak and intermediate coupling. We derived simple interpolation formulas for the longitudinal mode dispersion.
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